Abstract The significant role of tropical forest ecosystems in the global carbon budget has increased the need for accurate estimates of tropical forest biomass. The lack of large-scale biomass allometric equations hampers the understanding of the spatial distribution of tree biomass and carbon stocks and their influencing factors in West Africa. This study aimed to develop allometric equations to estimate aboveground biomass of African oak (Afzelia africana Sm.) in Burkina Faso and to analyze factors affecting the variability of tree biomass and carbon storage. Sixty individual trees were destructively sampled in four protected areas along two climatic zones. In each climatic zone, log-log models were tested and fitted to each aboveground biomass component and to the total aboveground biomass. Carbon content in tree aboveground components was evaluated using the ash method. All validated equations showed good fit and performance with high explained variance. Allometric equations differed between the Sudano-sahelian zone and the Sudanian zone, except for leaf biomass equations. Both biomass allocation and carbon content varied significantly between tree components but not between climatic zones. Carbon content in tree components followed the patterns of biomass allocation with branches accounting for the highest proportion. In the two climatic zones, carbon contents were 50.18-52.62% for leaves, 54.78-54.94% for stems and 54.96-55.99% for branches. Dry biomass ranged from 509.05 to 765.56 kg tree -1 at site level and from 620.21 to 624.48 kg tree -1 along climatic zones. Carbon content varied from 53.90% in the Sudano-sahelian zone to 54.39% in the Sudanian zone. This study indicated that climate does not influence aboveground biomass production and carbon sequestration of Afzelia africana along the Sudanosahelian and the Sudanian climatic zones of Burkina Faso. Future studies on climate-growth relationships should contribute to better understanding climate effects on biomass production and carbon storage.
Introduction
Global climate change has received growing attention with regard to the sustainable management of forest ecosystems. Indeed, forests sequester and store more carbon than any other terrestrial ecosystem (Gibbs et al. 2007 ). Thus, they represent the major terrestrial carbon sinks and pools (Gibbs et al. 2007; Pan et al. 2011) , which play a significant role in the global carbon cycle (Fonseca et al. 2011; Vashum and Jayakumar 2012; Wani and Qaisar 2014) . Because sustainably managed forests can greatly contribute to mitigating climate change (Wani and Qaisar 2014; Mensah et al. 2016a; Yang et al. 2017) , economic incentives have been devised to offset carbon inputs by reducing emissions due to deforestation and forest degradation (REDD?). Nonetheless, the sustainability of REDD? projects requires a clear understanding of the role of forests as both sinks and sources of carbon dioxide (Gibbs et al. 2007 ). Accounting for forestry-based projects in climate change mitigation policies thus requires accurate estimates of tropical carbon stocks.
Tropical forests are carbon-rich ecosystems accounting for 55% of terrestrial carbon sinks (Pan et al. 2011 ) with aboveground biomass contributing the major carbon portion (Gibbs et al. 2007; Pan et al. 2011; Vashum and Jayakumar 2012) . Hence, estimating aboveground biomass is critical for monitoring changes in carbon fluxes in tropical forests (Gibbs et al. 2007; Vashum and Jayakumar 2012) and assessing energy accumulation and the productivity and sustainability of forest ecosystems (Sawadogo et al. 2010; Vashum and Jayakumar 2012; Zeng et al. 2017) . Biomass can be estimated by direct or indirect methods and remote sensing methods. The most accurate method to estimate tree biomass is destructive sampling (Gibbs et al. 2007; Basuki et al. 2009; Vashum and Jayakumar 2012; Mbow et al. 2013 ). This direct method allows the development of allometric equations, which can be used for converting ground-based measurements into biomass (Gibbs et al. 2007; Basuki et al. 2009 ).
In tropical African forests, biomass estimates are hampered by the lack of accurate allometric equations (Djomo et al. 2010 (Djomo et al. , 2016 Henry et al. 2010) . Therefore, many biomass estimates in Africa have relied on pantropical models (Chave et al. 2005 (Chave et al. , 2014 . However, the applicability of such general equations in tropical African ecosystems is questionable (Basuki et al. 2009; Djomo et al. 2010; Henry et al. 2010) . Accurate species-and ecosystem-specific allometric equations are therefore needed for reliable national ground-based monitoring, reporting, and verification of carbon stocks.
Over the last decade, much research effort in West Africa has gone into developing allometric equations for different forest types (Henry et al. 2010; Mbow et al. 2013) , plantations (Bayen et al. 2015; Traoré et al. 2018) and tree species (Sawadogo et al. 2010; Dimobe et al. 2018a, b) . Yet, how biomass and carbon stocks vary spatially and temporally at ecosystem and regional scales remains poorly understood. Numerous studies have suggested that biomass production and carbon storage are influenced by genetic variations, edaphic conditions (Henry et al. 2010; Sawadogo et al. 2010; Bayen et al. 2015) and land use and cover (Djomo et al. 2016; Qasim et al. 2016) . Zhang et al. (2016) found that stand characteristics mostly explained variations in aboveground and belowground biomass. At the biome and global scale, climate is reported as the major factor influencing the distribution of terrestrial carbon pools (Pan et al. 2011) . However, such controlling factors are rarely reflected in current biomass estimates of tropical African forests. So far, no published study in West Africa has attempted to assess the effects of climate variability on the patterns of biomass allocation and carbon contents in the various components of woody species. Accordingly, whether climate influences biomass production and carbon sequestration of woody species and whether biomass allometric equations are climate-specific remain unknown. Assessing the spatial distribution of tree biomass and carbon stocks is important to accurately report potential carbon sinks and sources through time and space. Such data are also essential for long-term monitoring of carbon stocks and sustainably managing tropical forests.
The present study addresses these issues through an endemic African timber species, the African oak (Afzelia africana Sm.; Fabaceae), well known for its wide distribution in Africa. This species is overexploited for its excellent quality timber, barks and foliage in Burkina Faso (Balima et al. 2018 ) and other African countries (Donkpegan et al. 2014) . Despite the multipurpose uses and widespread distribution of A. africana, specific allometric equations for its biomass prediction are not available, limiting the assessment of its contribution to carbon mitigation. Hence, this study aimed to use destructive sampling to assess the variation patterns of biomass allocation and carbon content of A. africana, and their controlling factors. The specific objectives were to (1) establish, for each climatic zone, allometric equations to predict aboveground biomass of A. africana, (2) assess the patterns of biomass allocation and carbon content between tree components within sampled trees, and (3) to analyze the variations in biomass allometric equations, biomass allocation patterns and carbon content.
Materials and methods

Study sites
The study was conducted in four protected areas (PAs) of Burkina Faso: the W national park (WNP), the Nazinga game ranch (NGR), the wildlife reserve of Bontioli (WRB) and the classified forest of Comoé-Léraba (CFCL). The The main vegetation types in the four PAs are characterized by a mosaic of savannahs (shrub and tree savannas) and forests (woodland, dry forests and riparian forests). The climate is tropical with a unimodal rainfall regime of 4 to 6 months. The mean annual rainfall increases from the Sudano-sahelian zone to the Sudanian zone in contrast to the mean annual temperature which decreases ( Table 1) . As most protected areas in West Africa, the study sites greatly contribute to biodiversity conservation and the delivering of ecosystem services. Their conservation status and the soil types encountered in these sites are presented in Table 1 .
Sampling design and data collection
Forest inventories were carried out from April to June 2017. Overall, 144 plots were established in the PAs using an oriented stratified sampling. The plot sizes varied from 1000 m 2 in savannas and dry forests to 500 m 2 in riparian and dense forests . Within each plot, tree height and stem diameter at breast height were measured for all individuals of A. africana with dbh C 5 cm. For biomass sampling, individuals of A. africana were grouped into different classes of dbh. Individual trees from the most abundant classes were sampled (Mbow et al. 2013; Dimobe et al. 2018a) . Then 60 individual trees (30 in Fig. 1 Location of the study sites in Burkina Faso (West Africa). WNP, W national park Aboveground biomass allometric equations and distribution of carbon stocks of the African oak… each climatic zone) spanning different classes of diameters were harvested (Table 2) .
Before tree harvesting, dbh, basal diameter (d 20 ), crown diameter (Cd) and tree height (h) of all sampled trees were measured. Trees were cut at the base (20 cm above the ground level) using a chain-saw. Felled trees were separated into leaves, branches and stem, and the fresh biomass of each component was weighed using a 100 kg scale balance. Thirty subsamples of leaves, branches and stem were collected at each site and weighed using an electronic balance (range 0-5 kg, precision 1 g). Theses subsamples were then transported to the laboratory and oven-dried at 105°C (branch and stem) and 75°C (leaves) until mass was constant. The ratio of dry mass to fresh mass for each tree component was determined, and the total dry aboveground biomass of each individual tree was computed by summing the dry biomasses of leaves, branches and stem.
Development of allometric equations
For each climatic zone, we developed allometric equations to predict each biomass component (leaves, branch and stem) and the total aboveground biomass (TAGB). The relationships between aboveground biomass and dendrometric variables (dbh, basal diameter, height, crown diameter) were graphically explored using several model types. The power function y ¼ ax b e emerged as the best model that fit the observed data. This model was logarithmically transformed into its linear equivalent form defined as followed:
where y is the dependent variable (biomass), x is the predictor, ln a and b are regression coefficients, and e' the random error.
The best biomass equations were selected based on various goodness-of-fit statistics namely the adjusted R square (Adj.R 2 ), the Akaike information criterion (AIC), the residual standard error (RSE) and the root mean square error (RMSE). We also accounted for the global significance of the regression (p value) and the significance of the regression coefficients. Equations with higher Adj.R 2 , smaller AIC, RSE and RMSE, and significant coefficients and p value (p \ 0.05) were selected as the best-fitted biomass allometric equations.
The systematic biases introduced by the logarithmic transformation were corrected using the correction factor defined below:
where CF is the correction factor and RSE is the residual standard error of the regression. 
Carbon content estimate
The carbon content in tree components was estimated using the standard ash method (Allen et al. 1986) . From the dry matters of subsamples collected for leaves, branch and stem, 60 composite samples (20 samples for each tree component) were collected. These composite samples were analyzed in the Laboratory of Plant Biology and Ecology (University Ouaga 1 Pr. Joseph Ki-Zerbo, Burkina Faso) using standard laboratory procedures for carbon content estimates (Bayen et al. 2015; Dimobe et al. 2018a ). Carbon content was averaged for each biomass component based on the number of replicates and averaged for each individual tree. The carbon content of individual trees was then used to compute the mean carbon content for each site and each climatic zone.
Statistical analyses
The best fitted equations developed for biomass components were used to calculate leaf, branch and stem biomasses in each climatic zone. Biomass allocation to leaves, branches and stems was assessed by computing biomass fraction for each component. The TAGB allometric equations were used to compute tree dry aboveground biomass. The biomass of all trees was summed up to upscale to site and climatic zone levels based on the number of harvested trees. Carbon stocks were calculated by applying the mean carbon content. The paired t test was used to seek for significant deviations between the observed and predicted values of biomass. The variations in biomass allocation and carbon content among tree components were analyzed using box plots and pairwise comparison of means (paired t test). We also investigated the effects of climate on biomass and carbon content. We first applied a one-way analysis of variance (ANOVA) to determine whether tree size (dbh) and AGB differed between climatic zones. We further assessed whether and how carbon content varied with tree size (continuous variable) and climatic gradient (categorical variable) or the effects of their interactions. A generalized linear model (GLM) was performed using the formula:
where y equals mean carbon content (response variable); a is the intercept; b, c and d are regression coefficients; zone is the categorical independent variable representing climatic zone, and dbh is the covariate. All statistical analyses were performed using R version 3.5.2 (R Foundation for Statistical Computing, Vienna, Austria).
Results
Aboveground biomass allometric equations 13-94.40 ) and increased the AIC (-6.43 to 9.88) and the RMSE (0.252-0.274) in both climatic zones. However, adding crown diameter to dbh (dbh 2 Cd) better estimated aboveground biomass in the Sudano-sahelian zone (Eq. 14). The use of dbh, crown diameter and tree height as a compound predictor (dbh 2 Cd þ h) did not significantly improve the model goodness of fit in the two climatic zones (Eqs. 16 and 32).
The best fitted biomass allometric equations are presented in Table 4 . The relationships between tree biomass and structural variables varied according to the specificity of equations and climatic zones. Leaf biomass was better predicted at both zones using basal diameter and crown diameter (d 2 20 Cd), while dbh alone was the best predictor for the TAGB in the Sudanian zone. Stem biomass was predicted using basal diameter alone in the Sudanian zone, while tree height was added (d 2 20 h) as an additional predictor in the Sudano-sahelian zone. The explained variance of fitted equations varied considerably among biomass components (68.13-92.07%) in contrast to the TAGB Table 3 Regression coefficients and performance of fitted biomass allometric equations of Afzelia africana Eq. no (96.56-96.81%). The RSE and RMSE of fitted equations increased from the TAGB to biomass components (Table 4) . No significant deviation was observed between the observed and predicted values in the Sudano-sahelian zone for leaf biomass (t = -0.431, df = 29, p = 0.969), branch biomass (t = 0.320, df = 29, p = 0.751) and stem biomass (t = -0.739, df = 29, p = 0.465). In the Sudanian zone, observed values and predicted values of biomass were also statistically similar for leaf (t = 0.013, df = 29, p = 0.989), branch (t = 1.122, df = 29, p = 0.270) and stem components (t = 0.194, df = 29, p = 0.847). The observed and predicted values of TAGB did not significantly differ in the Sudano-sahelian zone (t = 0.035, df = 29, p = 0.972) as well as the Sudanian zone (t = 0.381, df = 29, p = 0.705). These results indicate good fit and performance of the selected allometric equations.
Scatter plots of observed versus predicted values of biomass showed a linear trend (y = x), confirming the good performance of fitted log-log models (Fig. 2) .
Distribution of AGB and carbon content within tree components
The box plots of biomass partitioning and carbon content of tree components (Fig. 3) showed that branches had the highest biomass fraction (61.83% ± 12.43 and 63.43% ± 11.90), followed by stems (32.22% ± 12.01 and 33.95% ± 11.89). Branches also had the highest carbon content in the Sudanian zone (55.99% ± 0.68). However, carbon content in branches (54.96 ± 0.61) was statistically similar to that in stems (54.78 ± 0.54) in the Sudano-sahelian zone (p [ 0.05). In both climatic zones, leaves had the lowest biomass fraction (4.21-4.34%) and the lowest carbon content (50.18-52.62%). Both biomass allocation and carbon content varied significantly among leaves, branches and stems within each climatic zone (p \ 0.001). Carbon content in leaves also varied significantly between the two climatic zones (p \ 0.001). The same variations were observed for branch carbon content.
Distribution of aboveground biomass and carbon across forests
At the site level, the dry biomass production ranged between 509.05 (± 476.52) kg tree -1 at Comoé-Léraba to 765.56 (± 541.95) kg tree -1 at Bontioli (Table 5) . However, the mean carbon contents varied from 53.76% (± 1.38) at Bontioli to 55.02% (± 1.17) at Comoé-Léraba, with mean carbon stocks of 411.56 kg C tree -1 (± 291.35) and 280.07 kg C tree -1 (± 262.18), respectively (Table 5) . (Table 6 ) showed no significant difference between the Sudano-sahelian zone and the Sudanian zone regarding dry biomass production. Similarly, no significant difference was observed between the two climatic zones regarding stem diameter of harvested trees.
Carbon content in aboveground components of A. africana ranged from 53.90% ± 1.41 (Sudano-sahelian zone) to 54.39% ± 1.43 (Sudanian zone). The mean carbon stocks were 336.59 kg C tree -1 (± 231.58) in the Sudanosahelian zone and 337.33 kg C tree -1 (± 282.81) in the Sudanian zone.
The results of GLM showed no significant effect of both tree size and climate on carbon content in tree components (Table 7) . Similarly, the interactions between stem size and climate showed no significant effect on carbon content. The Sudanian zone was considered as a baseline in the model. It appears that trees of different size (dbh) have significantly similar carbon content within and across climatic zones.
Discussion Predictive power of allometric equations
In this study, we developed allometric equations to estimate aboveground biomass of Afzelia africana across its distribution range in Burkina Faso. The fitted equations showed good performance with high explained variance. This confirms the accuracy of log-log models, as widely reported in tropical African ecosystems (Fayolle et al. 2013; Djomo et al. 2016; Mensah et al. 2016a; Fonton et al. 2017 ) and elsewhere (Basuki et al. 2009; Xiang et al. 2016) . The results revealed that the performance of allometric equations varied among tree biomass components within and between climatic zones. Among equations fitted to biomass components, branch equations explained the highest biomass variation while leaves displayed the lowest variation. The low variance observed for leaf equations could be explained by the fact that leaf biomass is less responsive to tree structural variables (Mensah et al. 2016b; Dimobe et al. 2018a ). These results also confirm that biomass predictions are more accurate for large woody components than for smaller components (Sawadogo et al. 2010) .
The high explained variance of the TAGB equations and the low values of AIC, RSE and RMSE highlight the accuracy and the suitability of allometric equations at site or ecosystem level (Paul et al. 2013; Djomo et al. 2016 ). This corroborates Paul et al. (2013) who reported that the precision and the accuracy of allometric equations increase with the level of specificity of equations. Allometric equations developed in this study can be used for biomass estimates of woody species throughout the respective climatic zones.
Aboveground biomass and dendrometric relationships
The relationships between aboveground biomass and tree dendrometric variables varied considerably between biomass components. Leaf biomass was better predicted using tree basal diameter and crown diameter (d 2 20 Cd) as y, aboveground biomass; h, tree height; Cd, crown diameter; ln a, b and c, regression coefficients; Adj.R 2 , adjusted coefficient of determination; AIC, Akaike information criterion; RSE, residual standard error; RMSE, root mean square error; CF, correction factor; TAGB, total aboveground biomass compound predictor. Tree basal diameter and crown diameter were also the best predictors for branch biomass. Equations to predict the TAGB were based on tree dbh and crown diameter. Such variations of allometric equations are in line with previous findings in Burkina Faso (Sawadogo et al. 2010; Bayen et al. 2015; Dimobe et al. 2018a ), Ghana (Henry et al. 2010) and Côte d'Ivoire (Traoré et al. 2018) . The use of different sets of predictors also corroborates previous published equations where stem dbh was used as the lone predictor of woody species aboveground biomass or in combination with tree height and/or crown diameter (Kuyah et al. 2012; Mbow et al. 2013 ; Mensah et al. Dimobe et al. 2018b ). The observed variations confirm the assumption that biomass predictors are specific to tree components (Dimobe et al. 2018a) .
Our findings further showed that biomass allometric equations are specific to climatic zones. Indeed, different sets of predictors were used in the Sudano-sahelian zone and the Sudanian zone to predict stem biomass, branch biomass and the total AGB. These findings indicate that climate influences the relationships between tree biomass and its structural variables. The observed variations highlight the within-species variations of biomass allometric equations and could be explained by differences in tree growth patterns along the Sudano-sahelian and the Sudanian zones. Such differences in tree growth patterns (radial and height) due to climate variability could influence allometric equations through variations in biomass allocation patterns. The variations in biomass allometric equations could be also attributed to differences in tree canopy architecture and branching patterns, competition, soil conditions (Chave et al. 2005; Djomo et al. 2010; Sawadogo et al. 2010; Xiang et al. 2016) and anthropogenic disturbances such as pruning. Future studies on the influence of climate on tree growth are needed to better understand climate effects on biomass allometric equations.
The use of stem dbh as the best predictor for the total aboveground biomass corroborates several studies from tropical savannas and forests (Basuki et al. 2009; Sawadogo et al. 2010; Kuyah et al. 2012; Mbow et al. 2013 ) to subtropical ecosystems (Paul et al. 2013; Xiang et al. 2016; Zeng et al. 2017) . However, adding tree height as an additional biomass predictor (dbh 2 h) did not improve the TAGB equations, as reported in earlier studies (Henry et al. 2010; Picard et al. 2015; Djomo et al. 2016; Mensah et al. 2016a, b) . Stem dbh has been advocated as the most accurate biomass predictor for species-level regression models (Mbow et al. 2013; Xiang et al. 2016) to reduce errors inherent to the measurements of the other biomass predictors.
Distribution of aboveground biomass and carbon
The study showed that biomass partitioning varied between tree components with branch accounting for two-thirds of the total dry AGB. This result is consistent with findings on V. paradoxa C.F.Gaertn. in Burkina Faso where branch exhibited the highest biomass fraction (Dimobe et al. 2018a) . The pattern in biomass allocation of A. africana also follows that of C. glutinosum Perr. ex DC. and T. laxiflora Engl. & Diels (Dimobe et al. 2018b ). However, tree stem was reported elsewhere as the greatest biomass fraction (Henry et al. 2010; Sawadogo et al. 2010; Fonseca et al. 2011; Traoré et al. 2018) . The variations in biomass allocation patterns within and between species could be explained by the specific eco-physiological responses of woody plants to environmental factors. The findings also showed an increasing trend in carbon content from leaves to branches with significant variations between tree components. This corroborates several studies conducted in tropical ecosystems (Negi et al. 2003; Fonseca et al. 2011; Wani and Qaisar 2014; Bayen et al. 2015; Dimobe et al. 2018a ). Our results suggest that the more biomass allocated to a given tree component, the higher the carbon will be stored in that part (Negi et al. 2003) . These findings also confirm that lower biomass and lower carbon are allocated to tree functional organs (leaves and roots), while more biomass and carbon are allocated to woody organs (Negi et al. 2003; Fonseca et al. 2011; Bayen et al. 2015; Dimobe et al. 2018a) . At the ecosystem level and compared to other local species, the mean dry AGB of A. africana was greater than values predicted for V. paradoxa C.F.Gaertn. (153.86 kg ind -1 ) in Burkina Faso (Dimobe et al. 2018a ). The value was also higher than biomass predicted for A. leiocarpus (DC.) Guill. & Perr., C. febrifuga (Afzel. ex G.Don) Benth. and A. dudgeoni Craib ex Holland in the Sudanian zone (Sawadogo et al. 2010 ). The mean carbon content of A. africana varied from 53.90% to 54.39%. Similar values were reported on J. curcas L. (Bayen et al. 2015) and V. paradoxa C.F.Gaertn. (Dimobe et al. 2018a) for which mean carbon contents of 51% and 55.49%, respectively, were reported. However, the mean values of carbon content in A. africana are above the default value suggested by IPCC (50%). Therefore, applying such a standard conversion factor might underestimate carbon stocks of the species, as also pointed out in previous studies (Fonseca et al. 2011; Bayen et al. 2015; Dimobe et al. 2018a ).
Factors influencing biomass production and carbon storage
The study revealed that biomass fractions for each tree component were statistically similar between the two climatic zones. However, leaf carbon content and branch carbon content varied between the Sudano-sahelian and the Sudanian zones. Such variations imply that climate influences carbon allocation to leaf and branch. The mean dry AGB did not differ between the two climatic zones. This similarity in dry AGB was consistent with tree diameters (dbh), which were also similar across climatic zones. These results corroborate the fact that biomass production is tree size dependent (Basuki et al. 2009; Sawadogo et al. 2010; Kuyah et al. 2012; Mbow et al. 2013; Mensah et al. 2016a ). Such a relationship between biomass and tree size was also consistent with the high dry AGB value predicted at Bontioli (though not significant), where big trees were harvested due to the lower abundance of smaller individuals.
Carbon content of A. africana was neither tree size (dbh) dependent nor climate dependent. The similarities observed in dry AGB and carbon content across the two climatic zones could be attributed to low climatic variation between the Sudanian and the Sudano-sahelian zones of Burkina Faso. Similar results were reported by Qasim et al. (2016) who attributed the similarity in dry AGB stocks between Nazinga and Bontioli to similar environmental conditions. Yet, although no significant variations were found between climatic zones regarding dry biomass and carbon content, an increasing trend in carbon content was found from the driest site (53.77% at WNP) to the most humid forest (55.02% at CFCL). The mean carbon content also slightly increased from the Sudano-sahelian zone (53.90%) to the Sudanian zone (54.39%). Such increasing trend in carbon content followed a North-South climatic gradient characterized by an increase in the mean annual rainfall (600-900 mm year -1 to 1000-1200 mm year -1 ) and a decrease in the mean annual temperature (30-25°C to 25-20°C). These variations with climatic gradient, although not statistically significant, could imply that climate influences carbon storage. Similar findings were reported previously (Schippers et al. 2015; Zhao et al. 2017 ) and demonstrated that carbon storage was strongly correlated with mean annual temperature and mean annual precipitation. In fact, high temperatures in tropical forests induce higher evapotranspiration and water stress, reducing therefore photosynthesis, tree growth, biomass production (Schippers et al. 2015) and carbon sequestration. The observed low variation in carbon content also corroborates the results of Zhang et al. (2016) that 2-4% of carbon variation is due to climate. Our results highlight that the magnitude to which climate can influence biomass production and carbon storage depends on the amplitude of the climate variability. The findings call for extensive research to investigate the influence of rainfall and temperature variability on tree growth patterns and biomass accumulation for a better understanding of the spatial distribution of forest carbon stocks. Similar studies on other woody species and ecosystems are also needed in other environmental conditions for thorough insights into the coupling between climate and carbon storage.
Conclusions
This study analyzed the spatial variability in biomass allometric equations and carbon stocks of the African oak tree. The findings revealed that climate influences biomass allometric equations. The established equations can be used Aboveground biomass allometric equations and distribution of carbon stocks of the African oak… for accurate biomass estimates of woody species throughout the Sudano-sahelian and the Sudanian climatic zones. The results also showed that carbon content of A. africana was not tree-size dependent as biomass production. Biomass production, carbon contents and carbon stocks did not vary between the Sudanian and the Sudano-sahelian zones. However, climate influences carbon allocation to leaf and branch components. The findings highlighted that climate might influence biomass production and carbon storage of woody species at a wider geographical scale. Testing specific and mixed allometric models in different climatic zones could improve our understanding on the factors driving the spatial distribution of carbon stocks. Assessing climate-growth relationships along the two climatic zones is also essential for understanding the coupling between climate and biomass accumulation. Such data is of great relevance for making accurate inferences about the longterm dynamics of tropical forests and their potential carbon stocks.
